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A PORTABLE CALIBRATOR FOR DYNAMIC STRAIN GAGES

By Albert E. McPherson
| SUMMARY

A portable device for calibrating dynamic strain
gages 1g desceribed. The device containsg a motor~driven
cam, which appliles: alternatlng tensile loads to a metal
strip 5/8 iznch wide and 6% inches long. The cam is de-
gigned to produce a nearly sinusgoildal variation of strein
with time. Dynamic gtrain gages. with gage lengths up to
5 incheg may be calibrated by mounting them on the strip

and by ehanging. the frequency and the amplitude of the

tensile load. The frequency may be varied from 15 to 30
cycles per second and the strain amplitude from 0 to
10X10—% in ateps of 2x10™%, e

INTRODUCTION

Dynamic gtrain gages are subdbjected to severe condi-
tiong of loading and of exposure when used to measurse
sbrains on airplanesg in flight. . It is desiradble to cali-

¥rate them frequently after use in order, to. check that

the measureuments were made with the gages in working
order. The portable dynamic calibrator described in this
report was developed at the National Bureau of Standards,
at the request of the National Advisory Committee for
Aeronautics, in order to facilitate the calibration of
dynamic strain gages at locatione where the larger labo-
ratory type of calibrators eare not ‘available.

GONSTRUGTION AND OPERATION OF THE CALIBBATOR

Principles of Operation

The portable calibratﬁf ig a device for caiibréfing

dynamie strain gages by mounting them on a gtrip of sheet

metel, which ig then subjected to known alternating strain.
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Celibration consists in a comparison of the output of the
strain gage with the known apvlied strain.

The principles of operation of the calibrator may be
understood by reference to figures 1 and 2. The gtrip of
metal on which the strain gage is mounted is deslgnated B.

Thig strip is subjected to an alternating strain of known
frequency and amplitude as follows: The right end of the
strip is clamped in the fixed clamp C; the left end, in
tne movable clamp D. The movabdle clamp is free to rock
avout the bearing E. A rocking motion of the clamp 1s
vroduced by the cam F, which isg driven by the electric
wotor shown in figure 2. The rocking motion ig of sguffi-
ciently small amplitude that the digplacement of clamp D
relative to clamp € is practlically axial. This reletive
digplacement produces an alternating tensile strain in the
strip. The amplitude of the strain may be varied by chang-
ing the eccentricity of cem ¥; +the freguexncy, by chkhaag-
ing the speed of the motor driving the cam. The gtrip is
agssembled under sufficient initiel tension that it will
not buckle during the compression stroke of the alternat-
ing motion of D. A damper A 1isg provided to prevent
lateral whipping of the strip. : ‘ ~

Design
Meterials wsed in the consgtruction of the various
parts of the porteble calibrator are given in tabls I.
Detdilig &f ‘dongtructicn ‘of 'the ‘calibrator are shown in .=
figures 3°to 9. "Thesé detmils differ from the details oF
the experimental callbrator shown 1n fisure 2 1n thrae

respects' L A . : o~ L . PO,

" 1. The double cam “F 'in figure 2 proved cumbersome’
for ‘ddjustment and is replaced by the cowposite cam ahown
in détail ix ‘figure 7. Thig comvosite ‘cam wepg designed .
from informétion gained from the usge of the . -double cam
and the two camg are gimilar in essential details. The
compogite cam has not been congtiucted 'since there is no
reason for supposing that it will function differently
from the double cam and since the greater convanlence of
adjustment 1s obvious. - -

2. The motor bese in figure 2 was assembled from ma-
terial that happened to be immediately available. A sim-
ple and more rugged design of base 1ig given in figure 8.

L
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3. The gtroboscopic sleeve &, shown in figure 2, is
replaced by tBe marked coupling, shown in figures -9 and
10, in order to save space.

“The total weight of the calibrator (fig. 2) was
about 57 pounds.

Assembly o --

The celibrator may be agsembled Dby following the
drawings in figures 3 t0 9 except for the cam sleeve,
piece 13, in figure 7 and the motor shimg in figure -10.
The dimensions for these pieces are determined after the
calibrator has been assembled.' =

The eccentricity of the cam is experimentally deter~
mined in order to obtain strain increments close to 2X10~*
The following procedure is used: Mount a strip, piece 22
(fig. 11), tightly in the jaws using a standard bar, piece
24 (fig. 11), to determine the free length of strip be-
tween the jaws. Put the damper, piece 27 (fig 9), on the
back of the strip with rubber bands about 1/2 ineh from
each end. ©Place the jack, piece 25 (fig. 1l), in the
shaft hole and adjust the screw in such a way that the
tell crank is near the camsghaft end of its swing.- (8gee
detail of Jack asgsembly, fig. 1l.) Place a strain gage
at the center of the  strip and apply & strain of‘about
2X10~* by tightening the nut, piece 26 °(fig. 3). - Locate-
a 'dial -gage on the frame to measure the-rige-of thé lever
at the jack. (See- detail ‘of jack assémbly, fig. 11.)"
Increase the straln in ‘the strip by sevVeral ' stepsg up to '’
about 22x10~* by raising the lever at the Jhck, and meas—
are the rise and’ the strain at- each stép. - -

Plot the strain againgt the rise as showan in figure
12. Fair a linhe through the points and from the line
determine the rige corresponding -to a strain of" 10xio0—¢.
In figure 12, this rise was equal to 0.204 inch.: o

The eccentricity e of the composite cam, piece 13
(fig. ' 7), corresponding-to an amplitude of rise equal to
0.204 inch is equal %o one-half thée rise, or 0.102 inch.
The'cam can now be machined in accordance with figure 7
by use of the experimentally determined value of s.

The ghims under the motor (fig. 10) are chosen after
asgembly in order to obtain accurate alinement between the
cem and the motor. This alinement is necessary because
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the armature of the motor is rigidly connected to the cam
in order to utilize 1t as a flywheel on the camshaft.

The electric cirecuits in flgure 11 are for the motor
uged on the experlimental model in figure 2. The circuitsg
may have to be modified in any given casge to suit avail-
able eguipment.

Operation and Calibdration

The firgt operatlion to be performed on the completsd
calibrator is to determine acocurately the strain amplitude
cauged by each setting of the cam.

For this purpose the calibrator may be placed over
the edge of a table as shown in figure 10. A strip, pisce
22 (fig. 11), is clamped in the jaws, with the standard
bar used to determine the free length; and the damper,
pilece 27 (fig. 9), is attached to the strip with rubbder
bands at each end ag shown in figure 2. 1In order to set
the cam to0 a nominal emplitude,the indexing pin, plece 15
(fig., 7), is removed from the cami; the outer ring of the
cam is rotated vwntil the numbers indicating nominal ampli-
tude coincide; and the indexing pin ig replaced and tight-
ened in the outer ring hole marked with the nominal ampli-
tude. The tension nut, piecé 26 (fig. 3), is tightened
to brlng the bell-crank shoe against the cam.- A calibrated
strain gage 1is placed on-the. gtrip -nea? its genter to ad-
just the inltial tension, (ihat igy the tension in the
strip wheh " the: bell- crank is"in its lowest position rsla-
tive to- thé - ¢amshaft); ~The 1éwest position can bde found
by observing either the strain or the motion  of the bnll
crank as the cam 1g-turned” by hand. With the bell crank
"in the lowest vosition, the strain is first released by
loosening the tenslon nut and is " then reapplied so that
it has a value of about ZXlO"4 when the tension nut ig
locked with the lock nut. The calibrator ghould be oper-
ated for a few cycles and the gage reading at the minimum
should be ¢hecked to insure that the strip has not slipped
in the Jjaws. A decrease in the reading indicateg thset the
jJaws have slipped. The jaws should then be readjugted and
the setting should be repeated. - The strain emplitude for
the nominal setting chosen 1g measured by the strain gage
when the machine 1g operating at 30 cycles per second.
This procedure is repeated to determine the strain ampli-
tude for the remaining cam gsettings.

The angular speed of the cam may be adjusted to 15
and 30 cycles per second by moving the rheostats untill
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‘either the 15- or the 30-cycle marking on the stroboscopic

sleeve appedrs stationary when the neon light is connected
to a 60-cycle alternating-current line. Intermediate fre-
quencies can be measured with a suitable tachometer. '

" During operation the bearings should be lubricated
with -SAE 10 motor o0il. The cam face should be lightly bdut
frequently lubricated with SAE 90 hypold gear oil or with
vaseline.

PERFORMANCE TBSTS

The gtrain gage used in most of the tests described
in this report was a 2-~inch Tuckerman optical strain gage
with O.2-inch lozenge and with a regular flat specimen
knife edge. A preliminary run with-a lightwelght Tuckerman
gage had ghown that the error due to elastic deformation of
the strain gage by the vibration in the stirip was too small
o be meagured even at the highest cam setting and the max-
imum gpeed (30 cycles per sec). The gage was read with a
Tuckerman autocollimator sguipped with a reticule for vi-
bratory strains. This procedure perwitted observation of
the strain at the extreme posltions to withia +0. 05X10-4

Wave Form

The variation of strain in the calibrating strip B
(fig. 1) with time should be approximately sinusocidal; a
marked deviation from a sinusoidal wave form in the output
of the strain pickup may therefore be used to indicate
distortion. -

The wave form of the gtrain in the strip was observed
by mounting & Beldwin Southwark SR-4 wire gtraln gage on
the center of the strip and recording its output with a
cathode-ray oscllloscope. ZFigure 13 shows the wave form
on the screen of the ogcilloscope for the maximum cam gset-
ting and at a frequency of 30 cycles per second. The hori-
zontal line is the indication for zero dynamic strain out-
put of the SR-4 gags. The wave form is seen to be a close
approximation to a sine curve. A sinusoidal variation was
also obgerved at other frequencies and at other cam gettings.
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Effect of Replacement of Strip and of Change in Frequency

The strain amplitude for a given cam gsetting ghould
be thegame after replacement of the strip by.a new atrip
of the game material and the same dimengionsg. The gtrein
amplitude ghould be .the game over the Tange of ‘recommended
operating sgpeeds.

The effect on strain amplitude of replacement of the
strip was tested Dy successively petting up five strips
in thg calibrator and uesing an initial tensilses gtrain of
2X107". The strain excursion ‘for the maximum cam getting
wag determined for 15 and for 30 cycles per second in
order to determine the effect of change in frequency on
the strain amplitude. The results are given in table II.
The strain amplitude for the maximum cam getting for the
five different strips was_ equal within *) percent to the
average value. of 10.,6X10™". The :change in gtrain ampli-
tude due to increasing the frequency from 15 to 30 cycles
per second was too small to be meoasured.

Bffect of Initiasl Tengion

The gtrain amplitude for a given cam getting should
.be the gsame for varilastiong in the initial tension of the
calibrating strip that might occur in clamping the strip.

A change in initlal tenglle gtrain in the strip from
2X10™% to 4X10~* did not change the strain amplitude for
the maximum setiing by a measurable amounat. It ig inadvig-
able to carry the initial strain.above 4X1L0—% inagmuch . as
fatigue failure way result after a short period of use.

Uniformity of Strain Digtridbution in Strip

The gtrain in the calibrating strip should bes uvuniform
in order that the strain impressed on the pickup will be
the game for a glven cam pettingy regardless of the gage
length of the pickup. A

The variation of strain in the gtrip was measgurel asg
follows: The strip was set up for a&an intermediate value
of amplitude and the calibrator was ovperated at 30 cy:zlesg
vper second. The gtrain amplitude at several positions
along the strip was measured with a 2-inch Tuckerman gags.
The results are given in figure 14. The strain amplitude



NACA Technical Note ¥o. 887 7

is seen to be constant within the order of accuracy of
observation over the center 5 inches of the sgtrip.

Effect of Mass of Gage for Given Cam Sstting

The strain amplitude in the calibrating strip sghould
not be affected by the inertis effects introduced by ths
magg of the gtrain pickup. The calibrator was tested for
thig effect as follows: An SR-4 wire .strain gage wag at-—
tached to the strip to measure the strain amplitude., A
dummy gage, having a length of 2 inches and weighing 5.8
ounces, was mounted on the specimen with ite points span-
ning the SR-4 gage. The callbrator was operated at maxi-
mum strain amplitude (10.6X10™%*) at 15 and &t 30 cycles
per second and the strain was measured at each frequency
with and without the dummy gage attached. The effeéect of
the 5.8-ounce gage on the strain amplitude was legsg than
the observational error im the strain meaguremént.

CONCLUSIONS

The dynamic calibrator anpears suitable for the cal-

ibration of dynamic strain gages at strain amplltudes
varying in five steps from 2X10~% to 10X10~% and at fre-
guencies from 15 to 30 cycles per second. The error in
the applied strain amplitude should not exceed 'l percent
of its maximum value of 10x10™%, provided that the gage
hag a gage length not exceeding 5 1nches and a weight not
e&ceeding 6 ounces. . . .

Nationazal Bureau of Standards,

Washington, D. C., November 9, 1942.
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TABLE I

MATERIALS USED IN CONSTRUCTION OF

No. 887

PCRTABLE CALIBRATOR

Piecs Nunmber
Designation -.Name of pleces Material
on figure : required
1 | Frame 2 Cold-rolled steel
2‘} ' 1 Do.
3 N Spacer 1 Do.
4 R I : L Do. :
5 Lever L 178-7 aluminum alloy
8 " | Prunnion 1 Annealed cold-rolled steel
7 Glamp 1 Do. ' '
8 : 1 Do.
9 }» Clamping bar 1 Do.
10 Bearing collar 2 Do.
11 Cam follower shoe 1 Bearing metal
12 Cam gurface 1 Annealed cold-rolled stesl
13 Cam gleeve 1 Do.
14 Camghaft 1 Cold-rolled steel
15 Indexing pin- 1 Drill rod (SAE 1095)
16 Motor basge 1 Annealed cold-rolled sgteel
17 Bearing, trunnion 2 Bearing metal
18 Motor sub-base 1 Oak
19 Bearing, shaft 2 Bearing metal
20 Goupling 1 ‘Cold-rolled steel
21 Trunnion, spacer 2 ' Do.
22 Strip 248-T7 aluminum alloy
23 Lamp bracket 1l Brass
24 Bar 1 Cold-rolled sgsteel
25 Jack Rt Do.
26 Tension nuts 2 5/16 SAE
27 Damper 1l Brags, rubber

Assembly screws, 1/4 in. by 28 by 3/4 in.

recess head capscrews
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TABLE II

STRAIN AMPLITUDE FOR MAXIMUM CAM SETTING

’ Strain amplitude
Frequency -
(eycleg/sec) 15 30
5trip

1 10.85%107% | 10.65%x10™*

3 10.50 10,50

4 10.65. 10.65

5 10.55 10.565

7 10.70 10.70
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Figure 1.~ Schematic diagram of calibrator.

Fig. 1
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Figure <.- Experimental

portable
dynamic calibrator for
strain gages.

Figure 13.- Wave form from
calibrator for
maximum cam setting. Strain
amplitude, 10 x 10-4; fre-
quency, 30 cycles per second.




¥AOA Tecbnical Note No. 887

—]

=

8
-l

LS Shr

S ]

o)
<)

/

10)(R
T

——

. 1
Seale

Tig. 3

Figure 3.~ Portable calibrator.

\@_@g

froure S.— Porfable  calibretor,



. - “Clearance drill hotes
A “":*l'?:l‘??fk'é %-,-ﬁ’/ .2';7. g/ L‘/ﬂxnn Fhic g \ |
L /—# . (5o coumperdril )
l\‘ J""/// -_69‘. -
R | M - M, =3 10,3 —

., }5,
ﬁ
D
%
1
3
S
IR}
4] e,
Al
) ’
o
Sy
H
&l
Q\:Jl
D1

Py
A Y L rome L | 2 |~ Counterarifl /5
tsh;fﬂ i ' i ! " Sreel ’ A A£ P S:;j@,(by;w / »\_gaw”
T i \ e T RTCEr e CA ivl T
. /] 20T AR ' i !
. |39 Tap4-28 & ‘( 7y
s /0” — \—ﬁ-‘raam
‘\T 1 _i_ [ L%.'l! ._:{" HEE = —: ™ | P N )
EHHi =h EI = = 1 I I N T s !
, Chearance hole - smooth i
Hoes 1o maith) piece(£) finish ot mecesgary ,{ﬂr/'// 7op $28 Hofes To match
5 — <t /'f—‘—&——* /" | = | 4':';1"'
= L = = |= A BT =T B E 5]
T Sy SN\E % /T/Y 4‘slg = E T %
Tp fm whee |3 E \;’1{/ 'k,fhf | oy
W/? ~ I oy ~ - -~ .
e ex | ral |l & @ oaie | [ e et al ||la
B Ee R L =y "““""f- 1 &l = e = _‘L‘E}E
L.
5 h O M —t
FooLE  poaE oo
A T 2l g A | st Ak SN P I B
4 /6 4§ "4 2 /'b/ﬁ fumafcb Fm@ ~see SSIDb_(y
ettt 3 ’
. — Scble . |
®‘5.:0"“f'3 Stee/ @ Spacer, stee! ' @ Spacer, sfee/ .

Figure 4.- Frams and spacers foxr portable oalibrator, Two framea requirsd, thres holes markad A in only ons pleos (ssa motor bass, Iigure 2).

488 "o 910K TWOTUNOSS VOTX

17




- 98‘ /0,-2’
- o |
[‘"/, T Bil ~v—|/ }; T} ‘ﬁnP
0aP ) _ 1T
3 7 ~
\lh O O 5“ 8’5 /_.-—-"’ L |
T \o % -
D
— f"“”// 3 holes, 29mm
I*E"g’l 7° ..
= e/
— T
@ Lever, 1757 akwmnctm alfoy, il foles from pé’ce@
nH ga?i‘.dl » t> - - »
€ e e A wetne WY M
= i T = =
@é & ?F = L Te+—=1 1
NA s Tk e
a My \!" N l\f
v - 4 M'oh
Sy ‘«1&.\"\
i e
FTRATT I;II
T
L7 A

1
]
M
S
o
P

, | R dill~6 pokes. Holes' in prece (&) atitled
® Irunnion, sree/ ! wsing lfese foles as femplet . Assempble
A with g 77l fid mackine saews with nuls,
. o 7 2 '_? Mo /}“’ Caunterbore where necessary.
Scale tﬁh 1" T
Z )Y
1 : /N —— -
76-7}7 4_'!':28 ' . Figure 5.~ Lever and frumnion for porisbla oaldbrator,*
by g deep -

488 “OR ejcK TWOTUYOSL YOVNM

g ‘Mg




‘_7_"21" = ;g:‘@ﬁ“ ” " #5—32 i "
§ [RAET— 5—*/— *frr-' | K1 R T \?mjg 2]
piFayl . b e T =
2 Tl} | x L} rP 0‘“ fl\ ]
BIAN. .3 P o
gof\Mem | H Ol B[
1 N\ I ¥l ——
% - o ‘WE/}P |
—t— ] 1% ﬂ—l— Ldrit! +/_¢_..$§
niy | ! /]
ke _

B) Clamp tor, stes!
) Camp bag steel
/ z 3 - -+ g
10000" 11 hrovepsnd l P | | Ojijfwm 0
A oos™ am. 4 ’gf wick by 00 degp
;e DAY
. aaring -0—1';' K3
G = ‘L‘?"%"\N
R il Vot kg —l A .

@ :_Bcbnhg collar, stee/

. Olammd
¥i Fe—rr

Top 40
12 “gleep
P matkch p/'ece@

@ Cam rollower Shoe, bearing meld,
fedlera/ (copper; fead) Fn).

e

| ;

ng bé!; baaring collar, and cam follower shos for portabls cellbrator.
. 1

L8B °OK 30K TWOTUQOeR YOVH

9 "3




S o XN W7

ol B8

j Sk ) 9’? ‘
1 LASERE

Aq—A ' ?ﬂz-‘\%'é
) ,_J_

Taper # per (¥ rmchine © lrckeiing pn

with parks i assembed
™ e L 7- Iu
e \[FT% T4
7| L'b)\'. T [

| NS

o Py

Q- ] . i A

1 _ | b : HE
1 i A b
T o e —

Scal/e

L1220

. E Canr J/czm, Steel

i -

@ Cam sufaf&ce, Shee/ Dl il hoks with prices @D 3) 273 (§ ossembred |

Flgure 7.- Qomposite cam for portabla oalibrator,

LB8 "ol 930K TEOTUTORI YO¥VK



hb/e«: /n ,ablé' abom are
e as
J‘/;own /

a 2 4- &
1 L L

Conter off mofor /mounting fofkes

il
At

|

Vs

.")'N.

7.
.
‘W. | "‘!h
e —tb—g,,"[
T N\
1k Ik
w | T
a }iu_
E—J

©® Motor base stee/

1E-28-4

Figure B.- Motor basa for portable
oalibrator.

488 *0N eRoR TVOTUUDOL VOVE

. Far 17D 125 K Westingfouse  motor
- .t/- mc/més—‘zﬁr.sfyms

‘21




Damper; one reguired,
rubber

r\y/i
Al

i drill and
coun/ersm/r

I

i

n _—
L5mm arif/

@ Bearing, frum/“ s bearing meral @ Ibofor sub-base | oak

To press it ,olece
2"20

_.__/42"_
y 1" 3"
7§| s 15

Y,

[ ez

5
8

__L < /"._..|

6aupﬂhy 5 Sfee/

Figure 9.~ Dampers, .beuingl, motor .
lub—bno coupling, and

trunnion for portabie oalibx

1
ator.

] —6 Y | ' E"N
Mo ~
O N
(M e
} NN
&
\ 74 " 1
)
. .(\;(\\c
NS o
90 | T
- /_/.".,.L,./../.’
- \‘Q H 2 1
:E& N
| 549" ‘&"L .
AN 76
g
2 x 1 £ g
Secale
&
2 . ,
\i

Breok comners

7
B Zi

Damper, one required,

brass
@)

7509
. 5000"

ah\
i%w 1
£ 5mim

¥ arll!
~he
Y N

3

@ Beoaring, shat¥; bearing meral
Jo eSS 7% prece(/ ), ream
n fline. Eeylsfer o// holes.

T |
@ Trunnion Spacer, S/ce/

1
2

1

488 °OX 30K TROTUYOSL YOVXR

e ‘3w



NACA Technical Note No. 887 Fig. 10

l-watt reor lamp

— —

e ™

Shims

8 ﬁ pr= )
== : s Mortor sub-base
' T 1l / }[

.,

Figure 10.- Portable calibrator.



H
@ Jm J‘mp_,_'_._'
RES-T crlewtetirurnt alby.
7.2, F '

— &'ﬁ. :@:

Stondard_bar, stee!

Copling abring sir
Sfrbscapke effect

- 'II-J-.V;I} ,‘ — ']:

Wining diagram- for Wesfinglouse (@) ek, Stses
MO 15K Shunt mofor :

H | |
Lrill fo matkh 1
lmp dase ”
e
f 3 ‘ . Do/ micrometsr
. £ churore
L w % il
%
-1 j g C d t
g
~h

@) Lomp bucket, brass
e 2 %

ale.

ek aﬁembly

Flgure 11.- Strip, 1.-1': bricket, bar, jaok, jaok aseerbly, and wiring arrangessnt for portable oxlibrator.

489 ‘o) 930K TwoTURORY YOTX

1T ¥




WACA Technical Note No. 887 Fig. 12

25

15

Strain

10

X 10‘4
o}
— - -1 /3/
| //
/
=]
L g fD . -
é /|
: V-
I __________-;?
' r
}( // |
!
E // ;
3 |
%f / |
il |
Z b
Amplitude of rise —*J
d/ﬁ \ [(2 &) | }
0 .1 .2 .3 4

‘ Rise, in.
Pigure 12.- Strain against rise at cam for portable calibrator,



NACA Technical Note No. 887 Fig. 14

1x 10~4

Gage —
length

02}

Strain amplitude
> 5

1 2 3 z 3 5 7
Center of gage from upper clamp, in.

Upper clamp

Lower clamp

Figure 14.-~ Average strain over a 2-inch gege length
at points along calibrating strip for

intermediate cam setting. Strain amplitude, one-half

sxcursions fregquency, 30 cycles per second.



